Objective: The purpose of this paper is to provide a theoretical rationale for the implementation of the Four Component Instructional Design Model for Complex Learning (4C/ID-model) at the University of Pretoria with the aim of systematically developing the clinical reasoning of undergraduate dental students in a classroom setting.
Introduction
Clinical reasoning is an ambiguous concept (1, 2) consisting of interactions between the patient and the clinician within the broader social environment (3, 4) . This haziness is further complicated by variances in clinicians" personal and specialised knowledge, experience (1, 3) and personal values. These personal characteristics are by default transferred to, and applied in, the so-called "clinical reasoning process" (3, 4) . The fact of the matter is that human behaviour remains unpredictable, regardless of scientists" efforts to understand and theorise the mechanisms which are used by humans for processing information (5) . Therefore, it is not surprising that no conceptual model exists that defines clinical reasoning or the clinical reasoning process unambiguously (3, 6) Norman (1) even goes so far as to say that clinical reasoning may not even be a valid construct and that expertise in this regard is merely the accessibility of "multiple representations of knowledge" stored as "concepts" and "conceptual knowledge" in the mind of the 3 clinician (1). Despite the lack of clarity about clinical reasoning as a concept and the apparent non-existence of a distinct clinical reasoning process (1) , it can be safely argued that the development of competence in clinical reasoning remains a very important aspect of the education of medical and dental students at undergraduate level (1, 2) .
In the past it was suggested that students be taught based on the reasoning processes observed in experts. However, with the reasoning processes of experts being variable and undefined (1) , instructional designers are sent back to the drawing board with the challenge to find appropriate teaching strategies to facilitate the development of clinical reasoning skills. Four strategic issues in this area of interest emerged from recent literature. These are the need for: authenticity in the learning process (2, 7); managing cognitive load during the learning process (7); repeated practise (1, 2); and valid assessment (8) , feedback and reflection (1, 2).
In dentistry, clinical reasoning could either be "practised" clinically at the chair-side or in the classroom. Although the recent literature contains well-defined teaching strategies (9) that could be used at the chair-side, teaching and learning in the clinical area are generally incidental and variable because real-life clinical cases are inherently different from each other. Strategies to systematically develop competence in clinical reasoning at the chair-side will therefore be less than ideal because individual students will not be exposed to the same cases. This problem can be overcome by making use of standardised case studies in the classroom setting to systematically develop competence in clinical reasoning. Case-based teaching is commonly used in dental education to integrate different disciplines in dental curricula (9) (10) (11) . "Good" case studies are constructed to be realistic, relevant, challenging, engaging and educational (12). Case-based teaching and 4 learning can foster critical thinking and develop decision-making skills (13, 14) . Despite these positive perceptions about case-based teaching and learning, a relative dearth of information exists within the domain of medical and dental education regarding systematic teaching strategies that could be used to develop clinical reasoning skills in novices in a classroom setting. Masterfully designed archetypes, however, exist in the domain of cognitive psychology. One such model is the Four Component Instructional Design Model for Complex Learning (referred to from now onwards as the 4C/ID-model) (15) .
The 4C/ID-model (15) propounds that the human memory is only able to handle a limited amount of information at a given point in time. If the necessary knowledge structures are not in place, exposure to a complex case will result in cognitive overload. "Cognitive overload" refers to a state where the working memory cannot handle the amount of information the learner is bombarded with at one time, which leads to a breakdown in learning processes (15) . The 4C/ID-model (15) proposes strategies to systematically manage cognitive load during the teaching and learning process. The model supports the notion that repeated exposure to a complex problem in an authentic way, together with proper learner support (scaffolding), will reduce the load on the memory, which will enhance the development of integrated knowledge structures (15) . The model"s detailed description of a methodical instructional design framework to support the learning process and its integration of cognitive science and educational theory make the model an attractive option to the educator.
Hence, the objective of this research was to explore the potential use of the 4C/ID-model 
Results and discussion
The 4C/ID-model (15) and related educational theory regarding "clinical reasoning" were studied in order to draw a synthesis that would describe the potential application of the 4C/ID-model for classroom teaching and learning in terms of the four strategic issues identified in the introduction of this paper. The results are as follows.
The need for authenticity in the learning process
Adult learning theory suggests that learning is more likely to occur in an authentic context (2, 7). The 4C/ID-model propagates the use of a "whole-task" approach in order to achieve authenticity in the learning process. The "whole-task" approach is an approach that deals with a task in its entirety to ensure the integration of knowledge (15) . A "whole-task" approach can therefore be defined as a task that is executed in a real life authentic situation or a simulation task where all the information is available to the student. The task referred to in this instance is the segment of a dental visit during which the dentist gathers information, makes a diagnosis and formulates a treatment plan in order to manage the patient"s conditions and complaints. For the purpose of classroom teaching and learning the task will obviously be translated into a case study containing an element of all of the aforementioned aspects of the dental visit.
Introducing all of these elements into one case study, however, immediately raises the concern of complexity (15).
The need to manage cognitive load during the learning process
Innately, the application of the complex skills mentioned in the paragraphs above might be challenging to an inexperienced student. To exacerbate the natural complexity of the 7 situation, a dental disease or condition rarely occurs in isolation. An adult person potentially has from nought to 32 teeth (Figure 1 ). Each tooth can be divided into five crown surfaces and has one or multiple roots. Even the surrounding soft tissues can be demarcated into different anatomical structures or sites. Each of these sites, or combination of sites, might be affected by dental disease in varying degrees. The completion of records as illustrated in Figure 1 is inherently a complex psychomotor exercise, and its interpretation is not easy either. Furthermore, the treatment plan decisions based on these records might depend on the psychosocial status of the patient (4, 16) as well as factors such as resources in the healthcare environment (17) . Typically, a learner has to integrate all of the above-mentioned information to effectively manage the treatment of the patient comprehensively.
Having elaborated on the complexity of the task at hand it becomes clear that it will not always be feasible to teach all of these integrated skills simultaneously and that strategies will be required in the instructional design to manage the cognitive load (7, 15) . As a solution to this predicament, the 4C/ID-model (15) suggests a "part-task" approach whereby the task may be broken into smaller parts to avoid cognitive overload. The disadvantage of a "part-task" approach is that inexperienced learners may not understand the broader context of the learning, which may lead to perceptions that the learning may not be relevant and a subsequent breakdown in the learning process (15) . The dilemma of losing relevance can partially be overcome by making use of what is described in the 4C/ID-model as a "part-whole" approach, according to which a large number of elements of the broader context is retained in the "part-task" approach to enable the inexperienced student to realise where the learning fits into the bigger picture (15) . In fact, Khatami, et al 8 practically showed that dental students tend to reason using "part-whole" approaches, based on their frame of reference and previous experience (17) .
It goes without saying that when one is working with inexperienced undergraduate students, teaching and learning should commence with simpler cases (2). This requirement stems from evidence that suggests that novices possess fewer knowledge structures and that these knowledge structures are less developed than those of experts (18) . To manage the cognitive load during the systematic learning process, the 4C/IDmodel proposes multiple tasks sequentially ordered from easy to difficult (15) . Tasks that are grouped according to level of difficulty are called "task classes" (Figure 2 ). There may be more than one task of more or less equal difficulty in a specific "task class". A student should ideally progress to the next "task class" when the current "task class" is mastered.
In reality, the requirement of the model to categorise cases according to level of difficulty will not be straightforward, as a result of the inherent variability of clinical cases in general. A systematic approach to solve this dilemma may be to concentrate on a single commonly encountered dental disease such as dental caries in the first "task class". Other conditions and diseases can then be systematically added to the case studies to form the subsequent "task classes". The second "task class" could, for example, contain dental caries and tooth wear, while the third "task class" could be dental caries, tooth wear and periodontal disease, and so on. Using such an approach the application of the content of the previous "task class" will be reinforced while the new condition becomes the cognitive challenge in the subsequent "task class".
Since it is proposed in the literature that even pre-clinical students (2) be targeted, it is suggested that the initial "task classes" should focus on the most commonly found diseases and conditions. Kessner et al (19) , advocated the use of so-called "tracer conditions". The use of "tracer conditions" is a sampling strategy that focuses on diseases and conditions that are commonly found. The use of such a strategy will ensure a high degree of relevance in the educational process because the strategy will be based on what most dentists are exposed to most of the time (19, 20) . The World Health Organization (WHO) draws attention to the most important oral and dental diseases as evidenced by epidemiological studies (21) . A strong argument can therefore be made that the diagnosis and management of the above-mentioned "tracer conditions" should form the content basis of the initial "task classes" to teach inexperienced students. Less common diseases and conditions may be equally important from a content point of view but it will not be feasible to cover hundreds of conditions in case study designs -as proposed above.
Furthermore, an early introduction to hundreds of less frequently found conditions to a novice will surely result in cognitive overload. These conditions should therefore be systematically covered at an appropriate time elsewhere in the curriculum. Darling and Daley (22) proposed useful strategies that could be employed for the selection of pathological conditions that should be taught as part of a dental curriculum.
Having dealt with scaffolding strategies related to content selection, the focus now shifts towards the management of cognitive load during the teaching and learning process. A key principle of the 4C/ID-model (15) is that learner support should be provided at the beginning of a "task class" and should be gradually reduced in subsequent tasks before the next "task class" is proceeded to (Figure 2) . The model allows for two types of support to the learner.
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The first type of support is product-orientated "supportive information" (Figure 2 ) (15) . "Supportive information" is the bridge between existing knowledge ( Figure 3 ) and the task at hand (15) . "Supportive information" may be in the form of a lecture, textbooks, lecture notes, a model answer to a similar problem, the Internet, an answer to a question posed by the student, or feedback to the student (15) . The 4C/ID-model proposes that new knowledge is constructed by providing "supportive information" in combination with the elaboration of previously mastered knowledge ( Figure 3 ) (15). This concept is similar to the learning and development theories of Lev Vygotsky (23). Vygotsky"s theories suggest that previously mastered knowledge becomes the basis for new learning (23).
Vygotsky"s theories suggest that further learning is most likely to occur in the socalled "zone of proximal development", which can be defined as the potential learning that could take place when the inexperienced leaner is actively supported by a more experienced teacher (23). In other words it can be argued that the knowledge gained from an earlier "task class" serves as the basis for new learning in the subsequent "task class", which could be deemed to be synonymous with the "zone of proximal development" (23). According to the 4C/ID-model new "supportive information" should be linked to specific "task classes" and should be made available as such. The 4C/ID-model makes provision for the introduction of "supportive information" by means of either inductive or deductive methods (15) .
Deductive methods typically may include theory followed by a case study while inquiry methods usually start with the problem followed by exploration by the student and/or through explanation from faculty. On the one hand, inquiry methods requiring independent exploration by the student inherently place a high 11 burden on cognitive load and are certainly not the method of choice to teach a novice (15) . On the other hand, pure deductive-or information-gathering methods may be equally unacceptable because such methods do not necessarily promote the application of prior knowledge and its synthesis with existing knowledge (15, 24, 25) . Moreover, inquiry methods are likely to require more time and resources compared to deductive methods (25) . A balance should therefore be struck between the selection of inquiry and deductive methods based on what is feasible in the physical teaching and learning environment (25) . Regardless of the chosen method, appropriately designed and administered "supportive information" is critical to reduce the cognitive load during the learning process, especially for the inexperienced undergraduate student.
The 4C/ID-model also makes provision for a second type of learner support in the form of just-in-time process-orientated support according to which information about the learning process ( Figure 2 ) -for example the steps used during the diagnostic process and the treatment plan formulation -is provided to the student at the exact time the student needs the information (15) . In reality this could be verbal instructions from an expert (high-level support) or written instructions describing the steps of the task (low-level support). This type of support is provided to reduce the cognitive load and to allow the student to concentrate on the content aspects of the task. This type of support can generally be faded over time as the steps of the process become internalized in the mind of the student after repeated exercise (15) .
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The need for repeated practise
Studies indicate that learners go through four phases to establish rich knowledge networks, which eventually constitute clinical proficiency (26) . The learning process starts off with the acquisition of textbook knowledge, and this is followed by the formation of simplistic mental models (Figure 3 ) of diagnostic information through practise (15) . Repeated experience leads to the development of so-called "illness scripts" (27) that are further elaborated on and refined and then stored (28) . Illness scripts are defined as sequences of ordered information (29), such as the linked attributes of a disease (29) . Accessing rich knowledge structures requires "forceful features" (31) .
Forceful features can be defined as distinct fragments of information -such as clinical observations or specific information received from the patient -that serve as the key to unlock memory structures that enable the interpretation of clinical information (31) . A less complicated interpretation of all of these theories is that the application of relevant information through repeated practise will refine knowledge structures (1, 2) and access to the important "concepts" and "conceptual knowledge" (1, 15) , which ultimately should improve clinical decision making (2, (32) (33) (34) (35) (36) . The 4C/ID-model methodically provides the instructional designer with methods to reinforce learning by means of repetition as well as strategies to continuously add new knowledge to the existing knowledge base through its "task class" approach ( Figure 2 ) (15) .
The focus of the deliberations up to this point has been teaching and learning. The final section of this essay will address the outstanding issues of assessment, feedback and reflection.
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The need for valid assessment, immediate feedback and reflection
Essays with descriptions of the actual reasoning and multiple-choice questions are feasible tools to assess competence in clinical reasoning (8, 37) . Multiple-choice questions, articulated on an appropriate knowledge-application level, in particular, have been shown to be valid and reliable for this purpose (8, 37, 38) . Both essays and multiple-choice questions can be used for formative and summative assessment purposes.
Logically, assessment should be aligned (39) with teaching and learning. Assessment, in turn, ought to be followed by cognitive feedback to support the learning process (15) .
"Multiple short problems" may be appropriate to test the outcome of the reasoning (1) while essays could contain descriptions or syntheses of the reasoning process (8), which will be open to feedback about the students" thinking processes. Cognitive feedback ( Figure 3 ) forms an integral part of the 4C/ID-model and is labelled as a form of "supportive information" (15) . Properly designed feedback processes have the potential to motivate learners to reflect on their performance (1, 2) . Feedback is important to eliminate misconceptions about content and to assist in the establishment and refinement of the cognitive strategies of the student (1, 2, 15).
Cognitive strategies are defined in the 4C/ID-model as thinking processes used by the student during the reasoning process (15) . Examples of two documented cognitive strategies employed during the reasoning process are hypothetico-deductive reasoning (40) and pattern recognition (41) . It has been postulated that the analytical process of hypothetico-deductive reasoning is hypothesis driven and hypotheses are either accepted or rejected in the thinking process and require forward and backward reasoning (41) .
Pattern recognition, in contrast to hypothetico-deductive reasoning, is a non-analytical process according to which clinicians recognise diseases intuitively (2) on the basis of 14 previous experience (41) . The diagnosis of dental caries is often based on pattern recognition because of the typical pattern-like presentation of the signs and symptoms of the disease (42) . The exclusive use of non-analytical methods, such as pattern recognition, might not be beneficial as it might result in misconceptions and misdiagnoses if alternatives are not considered (41) . These negative remarks do not imply that methods such as pattern recognition are inferior to analytical approaches (1, 41) . In fact, pattern recognition is a trademark of expert reasoning (41) . Therefore, it can be argued that both analytical and non-analytical reasoning strategies should be developed. A bigger need, however, exists to develop the students" metacognition abilities to recognize and correct misconceptions during the reasoning process (2) . This can only be achieved through just-in-time feedback (2) focussed on the cognitive strategies followed by the student -a principle that is strongly supported by the 4C/IDmodel (15) .
Conclusion
The 4C/ID-model supports the notion of repeated exercise in an authentic context and provides substantial detail of how the teacher should manage the cognitive load of novices. The model therefore appears to be a suitable blueprint for classroom teaching and learning, even at a pre-clinical level, with the aim of developing clinical reasoning skills in undergraduate dental students, with the use of a case-based approach.
On the basis of the analysis set out above, it is recommended that the 4C/ID-model be evaluated as a basis for classroom teaching and learning to develop clinical reasoning skills in undergraduate dental students. 
